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© Scanning electron microscope. 



® A scanning electron microscope suitable lor pro- 
ducing an image of high resolution by detecting 
secondary electrons (109) and backscattered elec- 
trons (110) generated from a specimen (107) at a 
low accelerating voltage in a separate or synthesis 
fashion. In the scanning electron microscope electric 
and magnetic fields for separating trajectories of 
backscattered electrons and secondary electrons 
generated from a specimen are established, and a 
^ backscattered electron detector (121) for detecting 
^ generated backscattered electrons is disposed on 
the trajectory of the backscattered electrons. Accord- 
ing to the microscope, since secondary electrons 
^ and backscattered electrons can be detected effi- 
ciently in a separate fashion even at a low accelerat- 
J 'ng voltage of several kilovolts or less and besides 
<0 the detector does not exert the deflection action on a 
q primary electron beam (104). backscattered and sec- 
ondary electron images of high resolution can be 

ft. obtained. 
Ill 
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The present invention relates to an electron 
beam apparatus and more particularly to a scan- 
ning electron microscope suitable lor obtaining an 
mage of high resolution by de.ectin e backscat- 
tered electrons generated from a specimen 

Convenlionally, in the scanning electron micro- 
scope, a detector (semiconductor or scintillator) 
different from a secondary electron detector is dis- 
posed above a specimen (on the side of an elec- 
tron source) to detect backscattered electrons The 
conventional detector is. however, disadvantageous 

e e rons T h" T^"" 9 ^ P*"«Y 
electrons s reduced to a tow accelerating voltage 

can otTe * V °"w „° r ,8SS ' SUfficient ™* 

tered elec^o ^ ^ 

tered electrons generated from the specimen is 

a^e T 9 a ,T h0d WhiCh a P^atermined vol 
age ,s applied to the surface for detection of back- 
scattered electrons to accelerate and detect Z 
backscattered electrons is employed as a method 
for detection of backscattered electrons a K 
celeration but in this method secondary elecfrons 
are also accelerated concurrently and highly effi! 
e en, separate detection o, backscattered electrons 
and secondary electrons at low accelerating vo»! 
age faces difficulties in principle. Further, because 
of d,spos,,,on of the backscattered electron de.ec! 

detect mn« C H al ^ bac * sca «ered ^ectron 
detector must have a shape which permits the 

ST" «T°" bem to trough the £ 

tec or and detection of backscattered electrons in a 
region through which the primary elecfro bel 
transmits is impossible in principle. 

Further, the conventional scanning electron mi- 
ooscope does no, have the function to accural 

second . d r ,9C * b8Cte ~ -Mrw. Z 
secondary electrons generated from the same 
specimen object and therefore it cannot cons™ 
specimen image due to backscattered electron sig- 
nal or secondary electron signal and display a 
specimen image as a resuH of synthesis of took 
scattered electron signal or secondary etoron S fc- 

Further. in the conventional scanning electron 
microscope, the backscattered electron 9 detecto 
mus, be mterposed between the 0bj6ctl v e te „, and 
the specimen to cause the distance between the 
objective lens and the specimen to be bVoTened 
and hence even when a primary electron^* 
desired to be focused for irradiation on the 
men, a condensed beam is broadened by an 
amount corresponding to the distance between the 

? ^ 'I* Sp9C ™ en a * d *• "solution 

is degraded even ,f a specimen image Is formed 

ZZT*"" ^ ~ " 



nate Pr9Sent inventi °" is 'o elimi- 

nate the aforementioned drawbacks of the prior art 
and prov.de a scanning electron microscope which 
can separate secondary electrons and backseat 
iTf T* 6V8n a * 3 ,0W accelerating votge 

tor Ta n 0,48 7 l9SS Wi ' h0Ut aW9Ctin 9 a 
lory of a primary electron beam ,o detect a back- 
scattered electron signal with high efficiency 
,0 or JT 1 * ^ °' *• presem m ™«°n is to 

produce a specimen image due to backscattered 
elect™ generated from a specimen by d et e« no 

can^o oftf eleC "° nS in " 
scanning o, the specimen with primary electrons. 

tronlfrn ' m9nded that "^scattered e,ec 

trons from a specimen can be detected accurately 

Z Ln s T rt de,eCl °' *" de,6C,in 9 backscattered 
and r ILo^ m obiec,i ™ ■« 

a> ^p Jl ° S ° UrC6 ' 50 ,hal ,he distance be- 

^mk SPeClmen and ,ne ° b i 9 *° <^s can be 
se, to be as small as possible 

eleJonT mP ' iSh ab ° Ve ° bi6Ct ' in a —nnlng 
e ectron microscope of the present invention, elec 

» ! hf . aflne "° " elds ,or "P«*0 Rectories 
» of backscattered electrons and secondary decfronl 
generated from a specimen are established, Z l 

stt * T el9 *° n d9tec,or ,or Acting back 
cattered electrons is disposed on the Rectory of 
the backscattered electrons. 
*> To accomplish another object as above in a 
canning electron microscope of the present in en- 

acUatte erf*?? e ' M °" d< " eC,0r '° r 
backscattered electrons generated from the sped- 

ss £™h ' S , d ': Dosed °" 9 '^tory of the backscat- 
h ™ S ' backsea «^d electrons from 

cannino " d8,8Ct6d ,n Sy " Ch ' onism «» 
scanning of the specimen with the primary electron 

to the backscattered electrons 

* in » F r her - '° accom P lish a "<"her object as above 
a soann ' n 9 ^ectron microscope of the presen 
invention electric and magne«c Lds for sepal 
ing Mec tones of backscattered electrons and sec 

« estbXh^ 0nS g9nera,ed frWn 3 

fror? if ^ ° P,iCa ' Sys,9m betW98 " an elec- 
tron source and the specimen and a backscattered 
electron detector for detecting backscattered e ™ 
Irons is disposed on the side of the eleclron source 
as viewed from the objective lens 

M °. rdin9 10 the above-described construc- 

ts featuring the present invention, the followmo 
operations are fulfiled. ""owing 

fielri^ 9 Particularly ' si "ce electric and magnetic 
telds for separating me trajectories of backscat- 

oedm S9C ° ndary elSe,rons 9 9 ™ ra ted from a 
« the optica, system 
between the electron source and the specimen 
backscattered electrons and secondary elecZs 
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traveling from the specimen toward the electron 
source trace different trajectories and the detector 
for detecting only backscattered electrons can be 
disposed at a position at which backscattered elec- 
trons separating from secondary electrons can ar- 
rive. 

Further, since the backscattered electron de- 
tector for detecting only backscattered electrons 
can be disposed on the trajectory of backscattered 
electrons generated from the specimen, a signal 
representative of backscattered electrons from the 
specimen can be obtained in synchronism with 
scanning of the specimen with the primary electron 
beam to construct a specimen image due to the 
backscattered electrons. 

Further, since backscattered electrons can be 
detected even when the backscattered electron de- 
tector is disposed on the side of the electron 
source as viewed from the objective lens, the dis- 
tance between the objective lens and the specimen 
can be as small as possible and the primary elec- 
tron beam can be focused into a fine spot for 
irradiation on the specimen. 

These and other objects and technical advan- 
tages of the present invention will be readily appar- 
ent from the following descriptions of the preferred 
exemplary embodiment(s) of the invention in con- 
junction with the accompanying drawings, in which 
Fig. 1 shows an embodiment of the invention. 
Fig. 2 is a diagram showing the planar construc- 
tion of a generator of orthogonal electric and 
magnetic fields in the embodiment. 
Fig. 3 is a diagram for explaining a backscat- 
tered electron beam in the embodiment. 
Fig. 4 shows another embodiment of the inven- 
tion. 

Fig. 5A is a diagram showing a schematic shape 
of an object to be measured. 
Fig. 5B shows an image obtained when the 
object is scanned with secondary electrons. 
Fig. 5C shows an image obtained when the 
object is scanned with backscattered electrons. 
Fig. 6A is a diagram showing a schematic shape 
of another object to be measured. 
Fig. 6B shows an image obtained when the 
object is scanned with secondary electrons. 
Fig. 6C shows an image obtained when the 
object is scanned with backscattered electrons. 
Fig. 7 is a flow chart for signal processings of 
analysis signals of an embodiment of the inven- 
tion. 

Rg.1 is a diagram showing an embodiment of 
a scanning electron microscope of the present in- 
vention. 

A primary electron beam 104 emitted from a 
cathode 101 by voltage V1 applied between the 
cathode 101 and a first anode 102 is accelerated 
by voltage Vacc applied to a second anode 103 so 



as to travel to an optica] system of succeeding 
stage. The primary electron beam 104 is focused 
to a fine spot on a specimen 107 by means of a 
condensing lens 105 controlled by a condensing 

s lens control circuit 170 and an objective lens 106 
controlled by an objective lens control circuit 174 
and is scanned two-dimensionally on the specimen 
by means of two stages of deflection coil 108. A 
scanning signal for the deflection coil 108 is con- 

io trolled by a CPU 150 through a deflection control 
circuit 1 76 in accordance with an observation mag- 
nification designated by an input unit 154. 

Structurally, in an embodiment of the present 
invention, there are arranged along the optical axis 

is a porous electrode 112 through which secondary 
electrons 109 can transmit, an opposing electrode 

111 and coils 213 and 214 for magnetic field gen- 
eration as shown in Fig.2 adapted to generate a 
magnetic field B which is substantially orthogonal 

20 to an electric field E generated by the electrodes in 
order that a trajectory of the secondary electrons 
109 is separated from that of backscattered elec- 
trons 110, and a secondary electron detector 120 is 
disposed at a position viewing the trajectory of the 

2S secondary electrons 109 which have been sepa- 
rated and transmitted through the porous electrode 

112 and a backscattered electron detector 121 is 
disposed at a position viewing the trajectory of the 
backscattered electrons which have been sepa- 

30 rated from the secondary electrons so that both 
types of electrons may be detected separately. 

With this construction, the primary electron 
beam 104 receives a force for deflecting it in the 
same direction as the electric field E generated by 

35 the porous electrode 112 and opposing electrode 
111. On the other hand, since the magnetic field B 
orthogonal to the electric field E is generated by 
means of the crossed magnetic field generation 
colls 213 and 214, the primary electron beam 104 

40 is affected by a Lorentz force to receive a force in 
a direction orthogonal to both the magnetic field B 
and the optical axis (travel direction of the primary 
electron beam), that is, on a straight line having the 
same orientation as the electric field E. Accord- 

45 ingly, by selecting the polarity and intensity of the 
magnetic field B suitably, curving of the trajectory 
of the primary electron beam due to the electric 
field E can be canceled out completely by the 
magnetic field B. Further, since the electric field E 

so and magnetic field B are substantially uniform near 
the optical axis, astigmatism or the like due to non- 
uniform distribution of electric and magnetic fields 
does not occur and the primary electron beam 
ultimately comes in the objective lens 106 without 

55 receiving any action. 

Secondary electrons 109 and backscattered 
electrons 110 are discharged from a primary elec- 
tron beam irradiating point on the specimen 107. 



5 



EP 0 661 727 A2 



6 



The secondary electrons 109 travel upwards while 
performing helical motion under the influence of 
the magnetic field of the objective tens 106 and are 
strongly deflected by the action of the electric field 
E generated by the porous electrode 112 and op- 5 
posing electrode 111 and the magnetic field 6 
generated by the crossed magnetic field generation 
coils 213 and 214, so that the secondary electrons 
transmit through the porous electrode 112 and are 
captured by the secondary electron detector 120. 10 
The backscattered electrons 110 having higher en- 
ergy, on the other hand, are not so deflected as to 
transmit through the porous electrode even under 
the action of the orthogonal electric and magnetic 
fields and travel further upwards with their trajec- is 
tory curved slightly. But, the detector 121 is dis- 
posed at the position viewing the backscattered 
electron trajectory and hence the backscattered 
electrons are captured by the backscattered elec- 
tron detector 121. ^ 

A signal from the backscattered electron detec- 
tor 121 is inputted to a variable amplifier 160, a 
signal from the secondary electron detector 120 is 
inputted to a variable amplifier 162 and the respec- 
tive signals are amplified at a desired gain inclusive 25 
of zero and thereafter converted by A/D converters 
178 and 180 into digital signals which are in turn 
inputted to a data bus 158. These signals are then 
subjected to signal processings by the CPU 150 
and data signals before or after the signal proces- 30 
sings are stored in storage means 152 such as a 
memory. The CPU 150 uses the signals of back- 
scattered electrons or secondary electrons stored 
in the storage means 152 or the processed signals 
to display a backscattered electron image or a 35 
secondary electron image of the specimen or an 
enlarged specimen image due to a processed sig- 
nal on a display unit 125 such as a CRT through an 
interface 156. Even without the intervening storage 
means, the CPU can also have the function to ao 
display a specimen image in a real time fashion 
during scanning of the specimen 107. 

While accelerating voltage, intensity of capture 
electric field and current value have been de- 
scribed as being fixed in the above embodiment, 4s 
the CPU 150 can responds to a designation from 
the input unit 154 to have the function to make 
variable the value of accelerating voltage Vacc, the 
intensity of capture electric fields of the backscat- 
tered and secondary electron detectors and the 50 
current values for the condensing and objective 
lenses. 

Figs.2 and 3 show an embodiment of the elec- 
tric and magnetic fields in the scanning electron 
microscope of the present invention in greater de- 55 
tail. 

When a potential difference of ±Ve (V) is ap- 
plied between the porous electrode 112 and the 



opposing electrode 111 to generate an electric field 
E, a primary electron beam 104 at accelerating 
voltage Vacc is deflected by an angle 
0e = Ke.VeA/acc proportional to Ve/Vacc. where Ke 
is a constant determined by the shape and disposi- 
tion of the porous electrode 112 and opposing 
electrode 111. 

On the other hand, when exciting current lb (A) 
is passed through the crossed magnetic field gen- 
eration coils 213 and 214, a magnetic field B 
orthogonal to the electric field E is generated and 
the primary electr on be am 104 is deflected by an 
angle <Jb = kb.fbA/Vacc proportional to IbA/Vacc in 
a direction opposite to the deflection by the electric 
field, where Kb is a constant determined by the 
shape and disposition of the crossed magnetic field 
generation coils 213 and 214. In the case where 
the mutually orthogonal electric field E and mag- 
netic field B exist at a time, the trajectory of the 
primary electron beam is determined by a resultant 
force due to the electric field E and magnetic field 
B and therefore, if £>e= fib is chosen, then the 
primary electron beam will travel straightforwardly 
without receiving the deflection action. 

On the other hand, secondary electrons 109 
and backscattered electrons 110 generated from 
the specimen 107 travel in a direction opposite to 
the travel direction of the primary electrons 104 
and hence they are deflected by the electric and 
magnetic fields to the same orientation, that is, 
toward the porous electrode. Accordingly, if oe and 
8b are kept to be constant, the backscattered elec- 
trons having substantially the same energy as the 
primary electrons are always deflected by a con- 
stant angle toward the porous electrode. 

At that time, since the backscattered electrons 
generated from the specimen have substantially 
the same energy as the primary electrons, an an- 
gle e BSE as shown in Fig. 3 by which the backscat- 
tered electrons are deflected by the orthogonal 
electric and magnetic fields is given by e BSE = q q 
+ 0b. 

Accordingly, the intention can be accomplished 
by setting the voltage Ve applied across the elec- 
trodes and the exciting current lb(A) passed 
through the coils such that the condition for the 
primary electrons not to be deflected, that is 

66 = ob 

and the condition for the deflection angle e BSE of 
the backscattered electrons to be constant, that is, 

8 bse = oe + eb - constant 

are both satisfied. From the above, the relation 
between voltage Ve and current lb can be deter- 
mined as follows: 
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Ve = K*Vacc 

lb = K.(Ke/KbWVacc 

where K is a constant for determining the deflection 
angle Abse of backscattered electrons. 

The secondary electrons have very low energy 
and hence they are deflected intensely by the 
orthogonal electric and magnetic fields so as to 
transmit through the porous electrode 112. Accord- 
ingly, by disposing the electron detectors at the 
position viewing the trajectory of the backscattered 
electrons and at the position viewing the porous 
electrode, respectively, the backscattered electrons 
and the secondary electrons can be detected sepa- 
rately. 

Fig.4 shows another embodiment of the sepa- 
rate detection of secondary electrons and back- 
scattered electrons. 

In the embodiment of the present invention 
shown in Fig.4. a secondary electron conversion 
electrode 440 for converting backscattered elec- 
trons into secondary electrons is disposed on the 
trajectory of backscattered electrons separated 
from secondary electrons and when earth or nega- 
tive voltage is applied to this electrode, the back- 
scattered electrons impinge on the electrode to 
generate secondary electrons of low energy from 
the electrode surface. The intensity of the ortho- 
gonal electric and magnetic fields is so set as not 
to exert the deflection action on the primary elec- 
tron beam 104 but secondary electrons 450 having 
lower energy than the primary electrons are curved 
more intensely by the electric field than by the 
magnetic field. As a result, the secondary electrons 
are deflected intensely toward the porous electrode 
112 to transmit therethrough and detected by the 
detector disposed at the position viewing the po- 
rous electrode. When an axis-symmetrical elec- 
trode 441 is disposed beneath the porous electrode 
112 and a suitable negative voltage is applied 
thereto, secondary electrons generated from the 
specimen are prevented by the axis-symmetrical 
electrode from traveling theretoward so as to be 
bounced toward the specimen and only the back- 
scattered electrons of higher energy can be con- 
verted into the secondary electrons 450 at the 
conversion electrode 440 disposed above the po- 
rous electrode. The thus converted secondary elec- 
trons 450 reflect backscattered electron information 
from the specimen and therefore, forming an image 
from this signal becomes equivalent to forming an 
image from a backscattered electron signal from 
the specimen. 

As is clear from Fig.4, the secondary electrons 
or the backscattered electrons can be selected for 
detection or the secondary electrons and the back- 
scattered electrons can be synthesized for detec- 



tion in accordance with combinations of the polarit- 
ies of voltages applied to the secondary electron 
conversion electrode 440 and axis-symmetrical 
electrode 441 beneath the porous electrode. 

5 For example, positive or negative voltage can 

be applied to the secondary electron conversion 
electrode 440 through a transfer switch 442 and the 
axis-symmetrical electrode 441 is disposed be- 
neath (close to the specimen) the porous electrode 

jo 112 and can be applied with positive or negative 
voltage through a transfer switch 443. When a 
suitable negative voltage is applied to the electrode 
440. the backscattered electrons 110 impinging on 
the electrode 440 cause secondary electrons 450 

»5 to be discharged from the electrode surface. With a 
suitable positive voltage to the electrode 440. sec- 
ondary electrons are suppressed by the potential at 
the electrode 440 and will not be discharged from 
the electrode 440 even when the backscattered 

20 electrons impinge on the electrode. On the other 
hand, with a suitable positive voltage applied to the 
electrode 441, the secondary electrons 109 gen- 
erated from the specimen are allowed to travel to 
the porous electrode but with a suitable negative 

25 voltage applied, the secondary electrons are not 
allowed to pass by the electrode 441 and are 
bounced toward the specimen. Accordingly, by 
switching the polarity of voltages applied to the 
electrodes 440 and 441, the detector 120 can de- 

30 tect the secondary electrons 109 and the backscat- 
tered electrons 110 selectively or both the secon- 
dary electrons 1 09 and the backscattered electrons 
110 simultaneously; and the detected signals can 
be displayed as images on the display unit 125 

35 comprised of a CRT as in the case of the pre- 
viously-described Fig.1 embodiment. 

Figs.5A-5C and 6A-6C show pictures displayed 
when an example of a specimen is measured with 
the scanning electron microscope of the present 

40 invention. 

Fig.5A-5C show an embodiment wherein a con- 
tact hole 510 in a photoresist 512 formed on a 
semiconductor substrate (silicon oxide) is mea- 
sured. 

45 Rg.5A shows a schematic shape of an object 
to be measured, indicating a state in which an 
undulatory portion 514 is present near an opening 
of the contact hole and the specimen surface is 
charged up negatively near the opening. 

so Fig.SB shows an image obtained when the 
contact hole is scanned with secondary electrons 
from the direction of the opening, indicating that 
accurate image information of the wall surface and 
bottom portions of the contact hole which are not 

55 charged up can be obtained but accurate image 
state of a specimen opening nearby portion which 
is charged up cannot be obtained. 



9 



EP 0 661 727 A2 



10 



Fig.SC shows a specimen surface image based 
on a backscattered electron signal obtained when 
the specimen is scanned with primary electrons, 
indicating that an image of the bottom portion of 
the contact hole cannot be obtained but an ac- 
curate undulatory state near the specimen opening 
can be obtained. 

Typically, a secondary electron signal gener- 
ated when the specimen is scanned with primary 
electrons is based on electrons discharge from the 
surface of the specimen and having low energy 
(about several electron volts), which electrons are 
not affected by scattering of an electron beam in 
the specimen and reflect, with high fidelity, a topo- 
graphic state of the specimen, and the secondary 
electron signal features the ability to provide in- 
formation of high spatial resolution. 

However, in a conventional analysis method 
based on the secondary electron signal, if the 
specimen surface is charged up negatively 
(hereinafter expressed by charge-up), the ascent of 
secondary electrons is prevented by the charge-up, 
giving rise to a phenomenon that the secondary 
electron signal cannot reflect, with high fidelity, the 
undulatory portion near the contact hole opening, 
that is, the topographic state of the specimen sur- 
face, and the specimen image of Fig.5B dem- 
onstrates that accurate image information of the 
charged-up specimen opening nearby portion can- 
not be obtained owing to this phenomenon. 

Contrary to this, the specimen image shown in 
Fig.SC is due to backscattered electrons, dem- 
onstrating that an accurate undulatory state near 
the specimen opening, which cannot be obtained 
with the secondary electrons, can be known. 

The reason why an accurate specimen image 
can be detected with backscattered electrons in the 
scanning electron microscope of the present inven- 
tion will be described hereunder. 

In a conventional backscattered electron de- 
tecting method, a specimen is scanned with pri- 
mary electrons of high energy accelerated at a 
high voltage, with the result that the primary elec- 
trons penetrate deeply into the specimen and back- 
scattered electrons of high energy (substantially 
the same energy as the accelerating voltage) are 
generated at a corresponding depth in the speci- 
men. Accordingly, under the influence of scattering 
of the primary electron beam in the specimen, the 
region of generation of the backscattered electrons 
is widened to decrease the spatial resolution, but a 
signal representative of the backscattered electrons 
features containing a large amount of composition 
information in addition to a topographic state of the 
specimen surface and therefore in the conventional 
method, backscattered electrons of high energy are 
detected to mainly obtain information on composi- 
tion in a specimen. 



Available as another conventional backscatter- 
ed electron detecting method is a method in which 
a specimen is scanned with primary electrons at 
low acceleration and backscattered electrons are 
5 generated near the surface of the specimen to 
ensure that the backscattered electrons can be 
detected while preventing degradation of the spatial 
resolution as far as possible. The conventional 
method, however, lacks means for detecting secon- 
70 dary electrons and backscattered electrons, gen- 
erated under the irradiation of primary electrons on 
the specimen, accurately in a separate fashion and 
a signal picked up as a backscattered electron 
signal is mixed with secondary electrons, even- 
15 tually failing to be a backscattered electron detect- 
ing method having high resolution. 

Contrary to this, in the apparatus of the present 
invention, electric and magnetic fields for separat- 
ing trajectories of backscattered electrons and sec- 
20 ondary electrons generated from a specimen is 
established on an optical system between an elec- 
tron source and the specimen, and a backscattered 
electron detector for detecting the backscattered 
electrons is disposed on the trajectory of the gen- 
25 erated backscattered electrons and a secondary 
electron detector for detecting the secondary elec- 
trons is disposed on the trajectory of the secondary 
electrons, whereby the backscattered electrons and 
the secondary electrons can be detected sepa- 
30 rately to permit formation of a specimen image due 
to only the backscattered electrons. 

In the method of detecting backscattered elec- 
trons under irradiation of primary electrons accord- 
ing to the present invention, backscattered elec- 
35 trons and secondary electrons can be discrimi- 
nated accurately from each other to permit forma- 
tion of a specimen image by only backscattered 
electrons of low energy even when the accelerating 
voltage is lowered, that is, the energy state is 
<o lowered in contrast to the conventional backscat- 
tered electron generating method. 

Accordingly, the primary electrons at the low 
accelerating voltage are allowed to penetrate into 
only a shallow depth in the specimen and back- 
45 scattered electrons from the specimen are dis- 
charged from the shallow depth, with the result that 
a signal representative of the backscattered elec- 
trons contains more information on a topographic 
state of the specimen than on a composition of the 
50 specimen. Therefore, by detecting the backscat- 
tered electron signal under this condition, a speci- 
men image comparable to that obtained through 
the conventional secondary electron scanning can 
be formed. 

55 Even when a specimen such as an insulating 

material to be observed and is charged up nega- 
tively (charged up), secondary electrons being of 
low energy as described previously are also liable 
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to be affected by charge-up in the specimen sur- 
face during the generation process of the secon- 
dary electrons to cause a secondary electron signal 
to fail to reflect information on topography of the 
specimen with high fidelity. But backscattered elec- 
trons at a higher energy level than the secondary 
electrons are immune to the influence of the 
charge-up and topographic information of the 
specimen can be obtained stably even with the 
specimen charged up. Therefore, with the method 
of detecting backscattered electrons under irradia- 
tion of primary electrons according to the present 
invention, information on the specimen surface can 
be detected accurately even when the surface is 
charged up as demonstrated by the image of the 
specimen opening nearby portion of Fig. SC. 

Further, in the apparatus of the present inven- 
tion, backscattered electrons can be detected in 
essentiality irrespective of an energy state of the 
backscattered electrons and therefore, even when 
backscattered electrons at a high energy state are 
detected to examine the composition of a speci- 
men, the backscattered electrons and secondary 
electrons can be detected clearly discriminative^ 
to ensure that accurate composition analysis can 
be performed. 

Then, with the scanning electron microscope of 
the present invention, since a backscattered elec- 
tron signal and a secondary electron signal can 
exclusively be detected separately or concurrently 
in synchronism with irradiation of primary electrons, 
only secondary electrons can be detected when 
only topographic information is observed at high 
resolution while a specimen not being charged, 
only backscattered electrons can be detected when 
only composition information is desired to be ob- 
served mainly or when topographic observation of 
a charged-up specimen is carried out and both the 
secondary electrons and the backscattered elec- 
trons can be detected when both the topographic 
information and the composition information are 
observed. Accordingly, the secondary electron sig- 
nal and the backscattered electron signal can be 
detected or synthesized selectively in conformity 
with the intention and the state of the specimen, 
thereby ensuring availability to all applications. 

Further, with the scanning electron microscope 
of the present invention, an image of a target 
specimen due to a backscattered electron signal 
and an image of the target specimen due to a 
secondary electron signal can be superimposed to 
construct information on a specimen image. 

For example, while the Fig. SB image of a tar- 
get specimen due to a secondary electron signal 
can provide accurate specimen topographic infor- 
mation only at the side surface and bottom of a 
contact hole because the opening of the contact 
hole is charged up, a backscattered electron signal 



according to Fig.SC can provide an accurate topo- 
graphic information of the opening; and therefore, 
by superimposing the two specimen images, that 
is, by using the specimen image due to a secon- 

5 dary electron signal for the interior of the contact 
hole and the specimen image due to backscattered 
electrons for the exterior of the contact hole, in- 
formation on the target specimen of the whole of 
the contact hole can be obtained. 

io Fig.6A-6C show an embodiment in which a 
cross-section of contact holes 510 in a photoresist 
512 formed on a semiconductor substrate (silicon 
oxide) is measured. 

Fig.6A shows a schematic shape of an object 

is to be measured, indicating that stationary waves 
520 generated during resist formation exist in the 
form of several formations in the photoresist 
formed on the semiconductor substrate (silicon ox- 
ide). It is to be noted that the photoresist 512 is not 

20 charged up. 

Fig.68 shows a specimen image constructed 
through the general method of detecting secondary 
electrons based on primary electron scanning from 
the direction of cross-section of the contact hole 

25 510, indicating that a topographic state of the 
cross-sectional shape of the specimen can not be 
obtained due to the charging up of the specimen. 

Fig.6C shows a specimen image obtained 
through the method of detecting backscattered 

30 electrons based on primary electron scanning, 
wherein backscattered electrons from the specimen 
have an energy highly enough to avoid the influ- 
ence of the charging up of the specimen and they 
are detected to indicate that stationary waves gen- 

35 erated during the formation of resist in the photo- 
resist exist in the form of several formations. 

This is because the backscattered electrons 
are not likely to be affected by the influence of the 
charging up of the specimen in comparison with 

40 the secondary electrons such that the information 
with regard to the topographical state of the speci- 
men is obtained. 

Then, with the scanning electron microscope of 
the present invention, the backscattered electron 

45 signal and the secondary electron signal can be 
detected clearly separately at a time in synchro- 
nism with the primary electron irradiation and 
therefore both of topographic information and com- 
position information of a specimen can be ob- 

so served in a precise, comparative fashion. 

Through this, both the topographic information 
and composition information can be obtained pre- 
cisely by one irradiation of a primary electron 
beam on the specimen even when the specimen is, 

55 for example, fragile and surface information and 
composition information of the specimen are de- 
sired to be detected without irradiating an exces- 
sively large amount of electron beam and hence, 
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damage to the specimen can be suppressed to a 

in whirh M C ° mpared '° * e c »«"«onal method 
m wh.ch specimen surface information and com- 

Si"*™*" ca ""<" bo obtained unless the 
mMnn of a pnmary electron beam is carried out 
times, and avai.abilty to a wide range of 
specimen measuring application can be ensured 

Further, according to the scanning electron mi- 
croscope of the present invention, an image 0 ™ 

signal can be superlmposed m ^ 
target specimen due to a secondary electron siona! 
to construct information on specimen image 9 

,h» T ' ? SeCOndarv electron S 'V™I °' Rg.6B of 
he present embodiment, accurate specimen su" 
face information can be obtained and wtth ,h 9 

oT 'com'" 1 . , a,9C,, ° n S ' 9nal 01 
1'7*« s,a »« °< l"e resist can be ob- 
tained. Accordingly, by superimposing the Z 
specimen images, for example, by process^ 
brightness signals of one of me two XT, 9 
nformahon to reverse them and superimposing .he 
oversed signals on the other brightness signal in 

ate TfttT- 3 SUrfaC8 8,3,9 a " d a ~ ° 

A method of processing signals to, display 
may be employed in which, in addition to mere 
brightness adjustment cf the respective p°cZs 
predetermined color information L be a ~' 
accordance *,h the respective picture states 0 

^titeTaZ: 03 " b ° «ina com- 
Fig 7 is a flow chart showing the procedure of 

Zsanf^ r eSSin9 °' b -^a«,ered 
nons and secondary electrons in an embodiment of 
thinning electron microscope o, the p,esen°,' 

HZ ? \ 3 ma,hod ,or detectio n o' backscat- 

SThT J" P ' 54 <S,9P 704 '- ^Onatedls 

decern T IT* 31 ' ha ' ,ime is a ™*od o 
detecting backscattered electrons and seconder 
electrons a. a time under one irradiation of a J, 
onTof^T b6am ' 8 m9,h0d 01 Acting on 

electro , n a r SCat,er9d and ^°^ary 

electrons or an operation for detecting one of back- 
scattered electrons and secondary JU£?££r 
one canning of a primary electron beam and re 

Then, the backscattered electrons and secon- 
dary electrons are detected (step 706) A method 
- detecting tn9 backscattered eLro s and 

e ' eC,rons 81 a »™ 0' • method of detectg 
them separatety is used as a method tor this pur" 



pose in accordance with the designation in the 
aforementioned step 704. 

Signals representative of the thus detected 
backscattered electrons and secondary elects 
5 %™ in a - storage meat (tp 

The stored backscattered and secondary elec- 
*on signals are used to display IndependenZspeci- 
men images due to the backscattered and secTn' 
>° dary electron signals on the display unit ° 25 ZZ 
the control of the CPU 150 (step 710) 

While watching the pictures, the operator in- 
puts designate of various kinds of image s°g al 
>s ST <° •» CPU 150 from the in P uLin S 4 

In processing a. the detection signal level of 
one o, the backscattered and secondary eta on 
signals is reversed (step 714). Through this even 
when signal levels at portions desired to * ana- 

th ; 0 e U9 d V yn,h9SiS °' pic,ura - col- 

lapsed, the difference between specimen Dictum, 
due to backscattered and secondary eZoToTr, 
be displayed on the display unit 125 
» In processing b. the detection signal level ol 

a n : : h a : k rr red and i x 

nals or the detection signal levels of both sipnate 
are converted into color signals to be disXd on 
the display unit 125 and synthesized (step 7,6) 
*> Through this, portions of the same specimen which 
a e represented by backscattered and secondly 
•tenon signals so as to differ delicately from ea^ 

0 her can be displayed clearly distinctively in teZ 

01 a difference in color. 

35 on„ m kT*" 9 ^ d8tection si 9" al 'evel of 
one of backscattered and secondary electron sio 
nals or the detection signal levels of both s gnl 
are converted and synthesized (step 718) Th ouoh 
this, different portions of the same specimen 2 
« are represented by back 5 cattered an Te^C 
electron signals so as ,0 differ from each othe c^ 
be displayed clearly distinctively in terms 0( an 
emphasized brightness signal 

« ™h Th9 ? PU 150 uses th9 backscattered and sec- 

Z 7h 6 9C,r0n S '' 9nalS havin9 been Objected ,0 
the above signal processings ,0 display a spec" 
men image due to synthesized backscattered^nd 
secondary electron signals on the display unit ,25 
for example, the CRT (step 720) 

M fur,* 1 "' 19 ,h9 ab0,e Si9nal P roc ^ing the pic- 
tor displaying a specimen image due to synthesis 
of backscattered and seconded electrons soed 

9 ' 9C,r0nS Can also be displayed 
pendently on the display screen without being utt 
^cted to synthesis and signa, processing or speci- 
men ,mages of backscattered and secondary eTec- 
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trons obtained after the signal processing can also 
be displayed independently, thereby informing the 
operator of a specimen state. 

Effects brought about by the scanning electron 
microscope of the present invention will be de- 
scribed hereunder. 

(1) According to the scanning electron micro- 
scope of the present invention, backscattered 
electrons generated under the irradiation of a 
primary electron beam at high to low accelera- 
tion can be detected, especially, secondary and 
backscattered electrons can be detected effi- 
ciently in a separate fashion even at a tow 
accelerating voltage of several kilovolts or less 
and the detector does not exert the deflection 
action on the primary electron beam, so that 
backscattered and secondary electron images at 
high resolution can be obtained to advantage. 

(2) Since backscattered electrons at low accel- 
eration can be detected separately from secon- 
dary electrons, information on a specimen sur- 
face shape can be obtained by using backscat- 
tered electrons at the low acceleration even 
when a specimen is charged up and an accurate 
image cannot be obtained with secondary elec- 
trons. 

(3) Unlike the conventional scanning electron 
microscope, the backscattered electron detector 
can be disposed on the side of the electron 
source as viewed from the objective lens and 
the distance between the objective lens and the 
specimen can be set as small as possible, with 
the result that a primary electron beam in the 
form of a maximally focused spot can be irradi- 
ated on the specimen and picture information 
due to backscattered and secondary electrons 
generated from the specimen can be of high 
resolution. 

While in the conventional apparatus a speci- 
men must be scanned with primary electrons plural 
times in order to obtain results of analysis of the 
specimen by backscattered and secondary elec- 
trons, the scanning electron microscope of the 
present invention can produce accurate backscat- 
tered and secondary electron signals through one 
scanning of primary electrons to ensure that even a 
specimen whose structure is liable to change under 
excessively repetitive irradiation of an electron 
beam can be analyzed without being damaged. 

The present invention has been described in 
detail, it should be understood that various 
changes, substitutions and alterations can be made 
hereto without departing from the spirit and scope 
of the present invention. 



Claims 

1. A scanning electron microscope for producing 
a scanning image of a specimen (107) by 

5 scanning a primary electron beam (104) emit- 

ted from an electron source (101) on said 
specimen, 

characterized in that electric and magnetic 
fields for separating trajectories of backseat- 
io tered electrons (110) and secondary electrons 
(109) generated from said specimen which are 
established between said specimen and elec- 
tron source and a backscattered electron de- 
tector (121) for detecting the backscattered 
is electrons is disposed on the trajectory of the 

backscattered electrons to detect backscatter- 
ed electrons generated from said specimen. 

2. A scanning electron microscope according to 
20 claim 1, 

characterized in that said backscattered 
electron detector is disposed at a site which 
deviates from a trajectory of the primary elec- 
tron beam. 

25 

3. A scanning electron microscope according to 
claim 1, 

characterized in that a secondary electron 
detector (120) for detecting the secondary 
30 electrons is disposed on the trajectory of the 

secondary electrons to detect secondary elec- 
trons generated from said specimen. 

4. A scanning electron microscope according to 
35 claim 1, 

characterized in that a porous electrode 
(112) constructed of an electrode through 
which electrons can transmit and an opposing 
electrode (ill) which opposes said porous 

40 electrode to generate the electric field are pro- 
vided on the side of said electron source as 
viewed from said specimen, and 

a magnetic field generating coil (213, 214) 
capable of generating the magnetic field which 

45 is orthogonal, on the optical axis, to the electric 

field generated by said porous electrode and 
opposing electrode is provided, thereby estab- 
lishing the electric and magnetic fields for sep- 
arating the trajectories of the backscattered 

so and secondary electrons. 

5. A scanning electron microscope according to 
claim 1, 

characterized in that said scanning elec- 
55 tron microscope comprises an electrode (440) 

capable of converting the backscattered elec- 
trons into secondary electrons (450) and dis- 
posed at a position viewing the trajectory of 
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the backscattered electrons. 

6. A scanning electron microscope according to 
claim 5, 

characterized by the provision of means 5 
(442) capable of applying positive or negative 
voltage to said electrode (440) capable of con- 
verting the backscattered electrons into said 
secondary electrons (450). 

w 

7. A scanning electron microscope according to 
claim 4, 

characterized in that where the potential 
difference between said porous electrode (112) 
and opposing electrode (111) is ±Ve (V), the 15 
exciting current of said magnetic field generat- 
ing coil (213, 214) is lb (A), the accelerating 
voltage for the primary electron beam (104) is 
Vacc (V), constants determined by the shape 
of said porous electrode, opposing electrode 20 
and magnetic field generating coil are ke and 
Kb, means is provided which controls the ex- 
citing current lb of said magnetic field generat- 
ing coil and the voltage ±Ve applied to said 
electrodes such that the relations 2S 

lb = Kl.Kb- N /Vacc 
Ve = K2.Ke*Vacc 

are maintained and which is capable of con- 30 
ditioning and setting the proportional constants 
K1 and K2 such that the electric and magnetic 
fields do not exert deflection action on the 
primary electron beam. 

35 

a A scanning electron microscope according to 
claim 6, 

characterized in that said microscope com- 
prises an axis-symmetrical electrode (441) 
which is disposed along the optical axis more 40 
closely to said specimen than said porous 
electrode and through which primary electrons 
can pass, and means (443) capable of apply- 
ing positive and negative voltages to said axis- 
symmetrical electrode. 45 

9. A scanning electron microscope for producing 
a scanning image of a specimen (107) by 
scanning a primary electron beam (104) emit- 
ted from an electron source (101) on said 50 
specimen, 

characterized in that a backscattered elec- 
tron detector (121) for detecting backscattered 
electrons (110) generated from said specimen 
is disposed on a trajectory of the backseat- 55 
tered electrons, and that backscattered elec- 
trons from said specimen are detected in syn- 
chronism with scanning of said specimen with 



the primary electron beam to construct an im- 
age of said specimen due to the backscattered 
electrons. 

10. A scanning electron microscope according to 
claim 9, 

characterized in that electric and magnetic 
fields for separating trajectories of backscat- 
tered electrons and secondary electrons gen- 
erated from said specimen are established be- 
tween said specimen and electron source and 
a secondary electron detector (120) for detect- 
ing the secondary electrons (109) is disposed 
on the trajectory of the secondary electrons, 
and that signals from said backscattered elec- 
tron detector and secondary electron detector 
are added to each other or subtracted from 
each other to construct said specimen image. 

11. A scanning electron microscope according to 
claim 9, 

characterized in that electric and magnetic 
fields for separating trajectories of backscat- 
tered electrons and secondary electrons are 
established between said specimen and elec- 
tron source and a secondary electron detector 
for detecting the secondary electrons is dis- 
posed on the trajectory of the secondary elec- 
trons to display signals from said backscat- 
tered electron detector and secondary electron 
detector in different colors. 

12. A scanning electron microscope for producing 
a scanning image of a specimen (107) by 
focusing a primary electron beam (104) emit- 
ted from an electron source (101) by means of 
an objective lens (106) and scanning it on said 
specimen, 

characterized in that electric and magnetic 
fields for separating trajectories of backscat- 
tered electrons (110) and secondary electrons 

(109) generated from sard specimen are estab- 
lished between said specimen and electron 
source and a backscattered electron detector 

(110) for detecting the backscattered electrons 
is disposed between said objective lens and 
electron source so that the distance between 
said specimen and said objective lens may be 
narrowed. 



10 



EP 0 661 727 A2 




EP 0 661 727 A2 



FIG. 2 

213 




FIG. 3 



BACKSCATTERED 
ELECTRONS 




EP 0 661 727 A2 



FIG. 4 




EP 0 661 727 A2 



FIG. 5 A 




EP 0 661 727 A2 



FIG. 5B 

MAGNIFICATION : X 70,000 
ACCELERATION VOLTAGE : 0.8KV 
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FIG. 5 C 



MAGNIFICATION : X 70,000 
ACCELERATION VOLTAGE : 0.8KV 
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FIG. 6B 

MAGNIFICATION : X 50,000 
ACCELERATION VOLTAGE : 0.8KV 




FIG. 6C 

MAGNIFICATION ■ X 50,000 
ACCELERATION VOLTAGE : 0.8KV 
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